presumably, sounds in a forest may come from any direction. Rather, the prior function represents the relevance of the various sound directions.
Such an 'importance coefficient' of each direction may depend on many factors besides the associated frequency of occurrence. For instance, sounds coming from the back of the owl may be irrelevant because large orienting movements may alert the potential prey or require too much time or energy. In fact, the underestimation of sound directions has been reported in many species 2 . If, for whatever reason, there is no point in responding to a particular direction, then detecting sounds from it is unnecessary; it just wastes resources 14 . In general, asymmetries in the distributions of preferences and widths in a population can be used to assign different weights to different stimulus values because of their frequency, their potential for higher reward, motor constraints 14 , and so on. In the tennis analogy, a player may ignore balls coming to his backhand side either because they are too infrequent, because he cannot see well in that direction, or because he is hurt and cannot hit backhands. As a consequence, behavioral asymmetries may have multiple causes, and resolving them may require careful analyses such as those in carried out by Girshick et al. 1 and Fischer et al. 2 , and behavioral or neuronal responses that appear suboptimal under one prior may be optimal under another.
In a wider context, the goal is not just to identify the factors that determine the distributions of widths and preferred values of a curves as functions of sound direction and compared the model responses to the behavioral data. This required two ingredients. First, they needed a read-out to infer the source angle encoded by the population's responses, and they used the very same vector method as Girshick et al. 2 Furthermore, they obtained an important theoretical result describing the mathematical conditions under which the vector method is equivalent to the Bayesian model 2 . Second, to fit the behavioral data, they had to adjust the distribution of preferred locations across the population. Their resulting model is qualitatively similar to that shown in Figure 1c , except that the owl's tuning curves are not perfectly symmetric. Finally, they showed that the distribution of preferred locations in the best-fitting model matched the actual distribution measured experimentally, providing further proof of consistency between the behavioral, computational and neuro physiological results.
Both these studies create convincing links between psychophysical performance and neuronal representations using the formalism of Bayesian inference. There is a noteworthy difference between them, though. For edge orientation, the prior corresponds exactly to the frequencies with which horizontal, vertical or other orientations are encountered in a visual scene. Thus, the statistics of natural images can fully account for the asymmetries in width and density in the V1 orientation tuning curves (Fig. 1b,c) . For the owl, in contrast, the prior does not represent the distribution of sound sources in the environment; of neuroectodermal origin, and involves a downstream molecule called β-catenin. In the absence of Wnt, Axin1 cooperates with glycogen synthase kinase 3 (GSK3) and phosphorylates β-catenin, thereby signaling its degradation. In the presence of Wnt, β-catenin is not phosphorylated and accumulates in the cell and modulates gene expression. Active Wnt has been shown to impair oligodendrocyte progenitor differentiation and repair of demyelination [2] [3] [4] [5] .
Fancy and colleagues 1 identified the protein Axin2, also known as Axil (in rat) and Conductin (in mouse), as a negative regulator of β-catenin stability (Fig.1) 
anti-tanKyrase weapons promote myelination

Patrizia Casaccia
A study identifies mechanisms responsible for the inability to form new myelin after neonatal hypoxia. It identifies Axin2 as a potential therapeutic target for reversing the 'differentiation block' of oligodendrocyte-lineage cells.
Cerebral palsy and cognitive deficits represent the devastating consequences of preterm births and of perinatal hypoxic or ischemic injury of full-term infants. At a cellular level, disease severity correlates with the degree of white matter injury and is characterized by the inability of cells in the oligodendrocyte lineage to differentiate into myelin-forming cells. There are no therapies to overcome this differentiation block. A similar deficit in the ability to form new myelin can be detected in the adult brain after demyelination in people with multiple sclerosis and is associated with lack of repair. In this issue of Nature Neuroscience, Fancy and colleagues 1 identify Axin2, an inhibitor of the Wnt pathway, as a promising new therapeutic target for drug development directed at favoring new myelin formation in the neonatal and adult brain.
Wnt proteins comprise a family of secreted ligands crucial for stem cell biology and embryonic development. Inappropriate regulation of Wnt signaling occurs in several types of cancer, including colon, liver and brain tumors volume 14 | number 8 | AuGuST 2011 nature neuroscience n e w s a n d v i e w s abundance. A feature of many signaling components of the Wnt pathway is their regulation by proteolytic degradation. In the absence of Wnt, β-catenin is retained in the cytosol, where it is phosphorylated by GSK3 and degraded (Fig. 1) . In the presence of Wnt, β-catenin is stable and translocates to the nucleus, where it forms an activating complex with TCF/LEF transcription factors and modulates the expression of several genes, including Axin2 (ref. 6 ). Under physiological conditions, Axin2 protein negatively regulates this signaling pathway by promoting the degradation of β-catenin even in the presence of Wnt, possibly through a GSK3-mediated mechanism that is critical for oligodendrocyte differentiation 7 . The authors therefore suggest that, although detection of Axin2 transcripts is indicative of Wnt signaling, the detection of Axin2 protein reveals efficient negative feedback.
In the absence of Wnt, β-catenin degradation is dependent on phosphorylation. In the presence of Wnt, Axin2 degradation is dependent on poly(ADP-ribosyl)ation (PARsylation). This modification consists of the addition of ADP-ribose groups to the molecule by enzymes called tankyrases. Protein PARsylation has also been described in the regulation of telomeres and of the mitotic presence of Wnt signaling. Axin2 transcripts require β-catenin 6 , and Axin2 transcripts are detected at high levels in genetically engineered mice with active Wnt signaling and impaired differentiation of oligodendrocytelineage cells 1 . Axin2 transcripts are also detected in oligodendrocyte progenitors, but not in mature oligodendrocytes or astrocytes, in the brain of infants with hypoxic damage of the white matter, but not in unaffected controls. Thus, Axin2 transcripts decline as progenitors differentiate in physiological conditions, but persist in oligodendrocyte-lineage cells that are unable to form myelin.
What is the role of Axin2? Studies conducted in mice and in cultured progenitors lacking Axin2 found myelination delays during development and impaired myelin repair in adult mice with chemically induced demyelination. Thus, the function of Axin2 is not redundant with Axin1. Axin2 function is critical for oligodendrocyte differentiation, but its transcript levels are elevated in cells that are unable to myelinate. How can the same molecule be downstream of a signal that negatively modulates myelin formation and still be necessary for oligodendrocyte maturation? This conundrum can be explained in terms of the mechanisms regulating Axin2 protein spindle [8] [9] [10] and has been identified as a recognition signal for E3 ubiquitin ligases to target proteins to the degradation pathway 11 . In the brains of newborns with white-matter damage, the concurrent expression of Axin2 mRNA and of tankyrases in oligodendrocytelineage cells suggest that low levels of Axin2 protein might be responsible for the lack of new myelin. The importance of Axin2 PARsylation for myelin formation was supported by the evidence that XAV939, a pharmacological inhibitor of tankyrases 12 , substantially enhanced myelin regeneration after demyelination in wild-type mice, but not in Axin2-null mice. The small molecule XAV939 also favored new myelin formation in slice cultures damaged by exposure to low oxygen, suggesting that it could represent a therapeutic target for conditions associated with cerebral palsy and cognitive deficits caused by hypoxia-ischemia or by premature birth.
Although promising, these results leave several questions unanswered. One of the most critical is whether the tankyrase inhibitor is able to effectively reverse the differentiation block detected in animal models of hypoxia-ischemia. The brain is a more complex environment than a brain slice in a dish, and additional pathways and interactions among distinct cell types and with the vasculature and extracellular matrix could further modulate Axin2 function. Crosstalk among pathways that negatively affect myelinogenesis could further amplify the differentiation block of progenitors. It is also likely that acute injury during a critical developmental window in vivo may lead to epigenetic changes in the target cells 13 and preclude responsiveness to treatment.
New studies on the mechanism of tankyrase regulation through bioavailability and modulation of enzymatic activity will inform potential new therapeutic strategies for myelin regeneration. In addition, tankyrases are not the only target of XAV939, and in vivo treatment could favor myelination by indirect modulation of other substrates. Finally, the detection of Axin2 mRNA in the brains of adults with multiple sclerosis and in mice with chemically induced demyelination suggests that the Wnt/Axin2/β-catenin signaling pathway may act in any condition associated with myelin damage and subsequent repair and identifies tankyrases as promising therapeutic targets. Axin2, which in turn acts as a negative regulator of β-catenin. Axin2 protein stability is further regulated by tankyrase enzymes, which are responsible for adding poly(ADP-ribose) groups (ADPr n ) and signaling degradation. In differentiating oligodendrocytes Wnt signaling is low in physiological conditions, but persists in pathological conditions associated with perinatal hypoxia-ischemia. In these cases, inhibitors of tankyrases (XAV939) can be used to stop Axin2 degradation and favor oligodendrocyte differentiation. 
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ADPr n Axin2 ADPr n of these two hypotheses (infinite recursion and the distinction between competence and performance), both necessary to explain the observed human behavior, is awkward. An alternative approach is empirical: to investigate other species' abilities to learn recursively embedded structures to a level similar to humans' . To do this, Abe and Watanabe 2 used a habituation procedure with Bengalese finches (Lonchura striata var. domestica), a songbird that sings syntactically varied songs consisting of stereotyped 'syllables' . In one set of experiments, Abe and Watanabe 2 exposed the finches to an artificial grammar containing centerembedded structures. To create this grammar, Abe and Watanabe 2 defined three classes, A, C and F, consisting of four birdsong syllables each. The four A syllables were each matched with a particular F syllable. Interposed between them was a 'C phrase' , which was either any single C syllable or another matched A-F pair. During exposure, the finches heard every possible grammatical string consisting of ACF, and about half of the possible A A′ C F′ F stimuli. During testing, the finches heard novel grammatical A A′ C F′ F strings, as well as sequences that were ungrammatical. By counting shifts Controversy surrounds the suggestion that recursion is a uniquely human computational ability that enables language. A study now finds this ability in a songbird and takes steps toward a model system for syntactic competence.
Human language is an extreme specialization, and its evolutionary history remains shrouded in mystery. The animal kingdom is replete with specializations, and these are appropriately studied from an evolutionary and comparative perspective. This core principle of biological investigation has been more controversial, however, when considering that most human of abilities, language. Nevertheless, language requires competence in several domains, and animals may have more competence in some of these than has previously been appreciated 1 . A study by Abe and Watanabe 2 investigates an important aspect of our language ability, syntax, including the putative 'uniquely human' ability of recursion. Their results demonstrate a broad syntactic competence in a songbird species, as well as the suitability of their approach to understanding complex behavior and its development. They also identify an important brain pathway underlying this syntactic competence, establishing a major new line of inquiry in the fledgling field of biolinguistics.
Many theories focus on syntax as the core driver of language productivity, the ability to produce a vast set of utterances using a limited number of words. Hauser, Chomsky and Fitch 3 reviewed a substantial body of evidence that animals share many cognitive capabilities relevant to the study of language, concluding with the proposal that syntax is special. Specifically, these authors argued that humans uniquely apply the computational capacity for recursion to vocal behavior. This hypothesis, if true, would diminish the value of animal models in the study of language and would confirm a central tenant of Chomsky's tenaciously held view setting human language fundamentally apart from all other animal behavior.
One approach to this problem has been largely descriptive and analytical. Language is hierarchical, allowing a linguistic phrase to itself contain a phrase of the same type. A recursive process-one that invokes itself, repeatedly operating on its own output as input-would be a particularly compact computational approach to creating such structure. Such solutions are attractive in certain classes of computational problems for which the nesting is deep. The archetypal supporting case is when the recursive structures are 'center-embedded' . But in human languages, center-embedding, which for example occurs when clauses, such as the one, which is difficult to understand, that you are reading, are nested in a sentence, is rarely seen beyond a depth of three 4 (Fig. 1) . Nevertheless, a theoretical argument about the extensibility of sentences has motivated Chomskyan linguists to conceive of a sort of Platonic human recursion machinery, capable of infinite depth of nesting ("competence"), but constrained by human output capacity ("performance") 5 . The conjunction which is difficult to understand,
In human languages, center-embedding, is rarely seen beyond a depth of three.
which occurs when clauses, are nested within a sentence, such as the one, that you are reading,
